The aim of this study was to determine the effects of football participation levels on genu varum ratings by using Q angle and intercondylar distance. Twenty male football players for each elite and amateur football teams and 20 sedentary young male volunteers participated in this study. The anthropometric variables (body height, body weight, body fat percentage, body mass index) and genu varum levels by evaluating the lower extremity alignment using intercondylar distance, and Q angles for both legs were measured. The intercondylar distance measurements were done by using caliper with the sensitivity of 0.01 mm and Q angle measurements were carried out by the examination of the photographs of participants. One Way ANOVA and post-hoc Tukey test were used to assess statistically intra-group differences. Cohen's Kappa coefficient were used to determine agreement among observers. SPSS v.25 program was used to analyse the data. Intercondylar distance values were found significantly higher in elite group than in amateur and sedentary groups (45.65 ± 13.54; 28.84 ± 14.61; 3.70 ± 5.19 mm, respectively, p<0.001). As a result of this study, it was determined that the participation level of football trainings lead an increase in intercondylar distance significantly. The highest Q-angle values were observed in amateur football players.
Introduction
Football can be mentioned as a lower extremity-dominant sport due to the control of ball mainly with foot, ankle and leg movements (Espregueira-Mendes et al., 2017) . Thus, football injuries are mostly occurred in lower extremity, particularly knees and ankles (Dvorak & Junge, 2000) . There are three main factors contributing to increased risk of knee injury in football which are player's age, previous history of injury and knee alignment. The most common injuries associated with knee in football are patellofemoral pain syndrome (PFPS) and anterior cruciate ligament injury (ACL) (Flandry & Hommel, 2011; Ortiz & Micheo, 2011) . Genu varum is highly associated with ACL (Jan van de Pol, Arnold, Verdonschot, & van Kampen, 2009 ) and PFPS (Lewek, Rudolph, & Snyder-Mackler, 2004) .
Genu varum is thought to be one of the angular deformities of knee and known as ''Bowlegs''. It increases distance among legs in the femoral condyles as well as changing tibiofemoral angle. This distance is known as intercondylar distance. It is one of the most common anatomical variations of alignment in musculoskeletal system (Cheema, Grissom, & Harcke, 2003) . Genu varum influences factors such as age, body weight, vitamin/hormone intake, nutrition, environment and training. Moreover, incidence and degree of genu varum may also vary according to ethnic factors (Cheng, Chan, Chiang, & Hui, 1991) .
Researches investigating sports participation and genu varum mostly focused on football and high correlation was determined between genu varum and football participation (Thijs, Bellemans, Rombaut, & Witvrouw, 2012) . It is reported that frequency and degree of genu varum is higher in football players than sedentary (Colyn, Arnout, Verhaar, & Bellemans, 2016) . Regular football training exposes the knee joint to load and torque pressures that contribute to genu varum in lower extremity. In some studies, genu varum has been reported to increase risk of injury and thus, development of genu varum should be reduced (Brouwer et al., 2007; Espandar, Mortazavi, & Baghdadi, 2010) . Considering millions of children participate in high-level football training, it is highly essential to investigate relationship between genu varum and football participation (Witvrouw, Danneels, Thijs, Cambier, & Bellemans, 2009) . The aim of this study was to determine the effects of football participation levels on genu varum ratings by using Q angle and intercondylar distance.
Method
The body height was measured using stadiometer (SECA 213, Germany), body weight and body fat percentage were measured using a bioelectrical impedance device (Tanita SC 330, Japan). Body mass index was calculated using kg/m2 formula. Intercondylar distance (ICD), right knee Q angle (RKQ) and left knee Q angle (LKQ) values were measured in order to calculate genu varum values.
Subjects
Forty football players playing football at different levels and 20 non-athletes voluntarily participated in the study. Participants were divided into three groups as elite football group (EFG; n: 20), amateur football group (AFG; n: 20) and non-athlete group (NG; n: 20) . EFG consists of football players participating in higher level of football training for at least 5 years (at least 5 days/week), AFG consists of football players participating in moderate level football training for at least 5 years (at least 3 days/week) and NG consist of non-athletes who did not participate in any regular sports training.
Intercondylar Distance (ICD) Measurement
Intercondylar Distance (ICD) measurement was measured using a caliper with a precision of 0.01 mm. The volunteers were asked to bring their hip, knee and ankles and medial tibial malleolus or medial femoral condyles as close as possible without any forced muscle contractions (Rezende, Santos, Araújo, & Matsudo, 2011) . Measurements were taken on a flat floor and barefoot (Cheng et al., 1991) .
Quadriceps Angle (Q Angle) Measurement
Anterior superior iliac spine (ASIS), tibial tubercle and mid-point of patella of both limbs were found palpating and were marked with small round dot stickers (Cowan et al., 1996) . Volunteers were asked to avoid quadriceps muscle constriction, which is a factor that may cause a decrease in Q angle while standing. A digital camera (Nikon D7000, Tokyo, Japan) was used to take a photo. Digital camera was located three meters away from participations (Braz, Goes, & Carvalho, 2017; Ruivo, Pezarat-Correia, Carita, & Vaz, 2013) .
Lines were drawn between the marks placed on the ASIS and mid-point of patella and tibial tubercle, angle of intersection of these lines was then measured using computer program (Optojump Next, Microgate, Bolzano, Italy) ( Figure 1. ). Right knee Q angle (RKQ) and left angle Q angle (LKQ) of volunteers were measured and evaluated separately (Lathinghouse & Trimble, 2000; Rossi, Bruzzone, Dettoni, & Margheritini, 2011) . 
Statistical Analysis
Level of skewness and kurtosis of data were examined (Tabachnick & Fidell, 2013) , Shapiro-Wilk test (Shapiro & Wilk, 1965) , and Levene test which applied for homogeneity of variance were applied (Martin & Bridgmon, 2012) . One-way ANOVA was used to evaluate difference among 3 groups and Tukey post-hoc test was performed. Cohen's kappa test was used to determine inter-observer agreement (Cohen's kappa coefficient; .94). Data were analyzed using SPSS v.25 program and statistical significance was accepted at the level of p<0.05.
Results
Demographic values of volunteers participating in this study are given in Table 1 . Significant difference was not found between age, body height, body weight, body fat percentage and BMI values of participants (p>0.05). When evaluation of genu varum among groups of football players participating in this research; in terms of ICD, EFG was significantly higher than AFG and NG (45.65 ± 13.54 mm; 28.84 ± 14.61mm; 3.70 ± 5.19mm; respectively, p<001) and, in terms of RKQ and LKQ values, AFG was significantly higher than EFG and NG (p<001). Genu varum values of volunteers participating in the study are given in Table 2 . The incidence of genu varum among groups were shown in Table 3 according to the classification of ICD. There was no case in NG at Grade 2 and 3. However the cases in grade 2 and 3 increases with the participation level of football.
Discussion
Forty football players playing football at different levels and 20 non-athletes participated in the study, voluntarily. There were no significant differences in body height, body weight, body fat percentage and BMI of the three groups.
Although there is no definite information about normal values of Q angle, the values between 10 and 20 are widely used. Furthermore, different Q angle values have been reported in the studies (Rossi et al., 2011) and Q angle values above 15 for males and 20 for females are considered abnormal (Horton & Hall, 1989) . It is estimated that women and men have different Q-angles and this difference is due to the fact that women's pelvis are different compared to men (Kishali, İmamoglu, Burmaoglu, Atan, & Yildirim, 2004) . As a result of our research, when Q angle mean values of groups are examined; Q angle values were determined below 15 for all groups. When genu varum levels are examined according to Q angle values, the incidence is 30% in amateur group, 5% in elite, and 0% in sedentary group. Moreover, in terms of RKQ and LKQ values, AFG was significantly higher than EFG and NG (p<001). It was found that EFG has higher ICD values than AFG and NG. Furthermore, the ICD values of AFG was statistically higher than NG (p<001). Similar to the results of our study, there are studies which revealed that football players have higher ICD than non-athletes. It was also reported that ICD increased with age and participation in training (Asadi et al., 2015; Işın, 2017; Rezende et al., 2011; Witvrouw et al., 2009 ).
There are different classification cut-points for ICD such as: 2 cm and above ((McDermott & Freyne, 1983) , 4 cm and above (Park, Kong, Ko, Jang, & Park, 2015) and 5 cm and above (Cahuzac, Vardon, & Sales de Gauzy, 1995) . Asadi et al. (2015) level of genu varum; Grade 1 (0-2.5 cm), Grade 2 (2.5-5 cm), Grade 3 (5 cm -7.5 cm) and Grade 4 (7.5 cm and above) were evaluated at 4 levels. In our study, in terms of using the classification of Asadi et al. (2015) , it was determined that the grades of ICD increase with the participation level of football training. As a result of a study comparing ICD in age groups of football players and non-athletes; the highest age of genu varum was reported to be between aged 16-18 years. (Asadi et al., 2015) . Some studies were found that genu varum values increases starting from 14 years and the highest vales were observed in 16-18 years (Işın, 2017; Thijs et al., 2012; Witvrouw et al., 2009) .
The most performed activities in football are passes, running, cutting maneuvers, walking and kicking in elite and youth football players. To understand the relationship between genu varum and football, it is necessary to know the external load of the knee joint during different tasks in football (Witvrouw et al., 2009 ). Besier et al. (2001) investigated the external loading of the knee joint during cutting maneuvers and running and they found that valgus and varus stress on the knee joint was considerably increased during cutting maneuvers in comparison with running. Researchers have reported that inappropriate loading methods may adversely affect children in the development process (Bergeron et al., 2015; Faigenbaum, 2007) . For this reason, regular participation in high-intensity physical activities has been found to cause genu varum (Chantraine, 1985; Thijs et al., 2012) .
Researchers hypotheses that the increase of quadriceps muscle strength as a result of proper trainings tend to lead a correction of leg alignment. Correspondingly, it was reported that the strength training, which was started at an early age, affected the growth processes and leg alignment, positively (Bergeron et al., 2015; Faigenbaum, 2007) .
On the other hand, it has been reported that the kicking actions specifically used in football is not only a simple knee extension and hip flexion, but also has a significant adduction component. Due to the fact that kicking is very common in football training and games, the adductor muscles of football players are expected to be strong. This situation in football players lead an imbalance between adductor and abductor muscle strength. That's why, it was mentioned that the stretching exercises to the contracted adductor muscles in young football players concomitantly technical and tactical training components is efficient (Witvrouw et al., 2009 ). The reason for the presence of genu varum in football players may be diagonal kicking action (Asadi et al., 2015) .
As a result of this study, it was determined that the participation level of football trainings lead an increase in intercondylar distance significantly. The highest Q-angle values were observed in amateur football players.
